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4. CHARACTERISTICS AND FEASIBILITY DEMONSTRATION AS A DISPLAY 
DEVICE 38) 

An indicator or segment display has promise as an application of an organic 
thin-film EL element. It uses a low- voltage drive, so it does not require a special drive 
circuit. Also, it is different from an LED in that clear and vivid light emission from 
complete surface emission can be realized in an arbitrary form or shape. The static 
drive makes it possible to easily obtain high-intensity brightness, and a large market as 
an inexpensive color film-type indicator that includes blue color can be expected. 

As shown in Fig. 22, an organic thin-film EL element has high-speed response on 
the order of microseconds, so basically it has good performance for a multiplex drive. 
However, as the number of scanning lines increases, it is currently not bright enough for 
increased high duty. When a DC voltage is applied, the maximum brightness greatly 
exceeds several thousand candela, however, that is not a practical level of brightness for 
a linear-sequential drive with a duty of approximately 1/200. It is necessary to 
improve the brightness when using a pulse drive. In addition to this kind of simple 
matrix, an active matrix drive containing a thin-film transistor (TFT) is conceivable. 
Differing from a high-voltage drive type liquid crystal, two transistors and one storage 
capacitor are required for one picture element, however, next to a liquid crystal, an a-Si 
or p-Si TET having low-voltage operation also has good compatibility, and can 
adequately be used with a current TFT. Compared with a liquid-crystal display, this 
kind of organic thin-film EL display has no problem with field angle dependency or 
response speed, does not require a backlight, and is expected to be excellent for a 
large-display-capacity display. However, this organic thin-film EL element is a 
current-driven element, so the increased element size and power loss due to electrode 
resistance cannot be ignored. Basically, compared with a current organic thin-film EL 
element, an improvement of brightness level of one digit or more, and improved 
light-emission efficiency is necessary. Also, depending on the field in which it is used 
as a display, a life of 5,000 hours, and if possible, 10,000 hours is necessary. From this 
aspect as well, the life of an organic thin-film EL element must be improved. 
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4.1 EXPERIMENTAL PRODUCTION OF A DOT-MATRIX DISPLAY PANEL 

It was confirmed that an organic thin-film EL element displayed strong non-linear 
voltage-brightness (or voltage-current) characteristics. Also, the pulse response was 
confirmed to be several microseconds, which is excellent A dot-matrix display using 
organic thin-film EL elements having these properties and driven by a time-sharing 
driver was produced experimentally. 




A patterned glass substrate with ITO having a sheet resistance of 10 Ohms was 
used as the substrate. The ITO electrode width was 1.75 mm, and the pitch between 
electrodes was 2.0 mm. Diamine and Alq3 layers were formed in order by vacuum 
deposition using low-resistance heating. 

The thin films had a film thickness of 70 to 80 nm and 100 to 120 nm, 
respectively, which is thinner than a normal film thickness, and prevented the 
occurrence of shorts generated inside the elements due to pin holes. Since the film 
thickness was thin, the light-emission threshold value wasl5 to 18 V, which is about 5 to 
10 V higher than normal. Using a metal mask (1.5 mm width, 2.0 mm pitch), the 
cathodes where formed using electron-beam deposition. A magnesium-indium alloy or 
a magnesium-silver alloy was used as the cathode material. The drive of the 
experimentally produced panel was cathode common (only the selected line is grounded, 
and the other lines are in a floating state), and the ITO anodes were used as the data 
lines. The applied voltage was variable between 10 to 60 V (actually to 30 V). 
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4.2 DRIVE AND DISPLAY PERFORMANCE OF A 16 X 16 DOT MATRIX 

As shown in Fig. 23, basically the cathode scanning lines (metallic electrode side) 
are common and a positive voltage is applied to the anode data lines (ITO side) while 
the cathode is selected, and the panel is driven by a linear-sequential drive. Basically, 
this is equivalent to when an organic thin-film EL element is driven by a duty H = t/T (t 
is the time that a positive voltage is applied on the data side, and T is the time for one 
cycle that the cathode line is selected). The higher the value H is, it appears that it is 
possible to obtain a high-intensity light-emission brightness. The scanning lines are 
grounded while selected, and floating when not selected. Fig. 24 shows an example of 
a 32 x 32 mm, 16x16 pixel matrix driven display 24) ' 38) . The reason that a clear 
display is possible with this kind of simple drive is not only because there is a small 
number of scanning lines, but also because, as shown in Fig. 6, the element shows 
strong non-linear characteristics, and when there is reverse bias, light is not emitted. 
The average relative dielectric constant of an organic thin film is approximately 3, so 
for a thickness of about 160 nm, the capacitance of the element is about 20 nF/cm 2 . 
When the maximum peak voltage is taken to be 50 V (it is actually 30 V or less), the 
panel charge load is approximately 20 x 10" 9 x 50 x (N-l) x M x S (N is the number of 
scanning lines, M is the number of data lines and S is the dot area). Moreover, when 
the maximum conductive current density is taken to be 200 mA/cm2, a load 200 x 10-3 
x M' x t' = 200 x 10-3 x M7(f x N) (M' is the number of data lines that are ON, f is 
frame frequency) flows while the scanning lines are selected. In the trial product, both 
M and N were 16, which is small, and the charge load was small compared to the 
conductive load. Therefore, depending on the drive method, it appears that change in 
the light-emission characteristics is not a big problem. However, how much the 
display characteristics are affected by a relative high element capacitance, and what 
should an efficient drive circuit for this kind of circuit be like, are topics that must be 
investigated in the future. 
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Figure 23. Basic Construction of a 16 x 16 Dot Display Device 




Figure 24. 16 x 16 Dot Display Example z > 

Degradation of the light-emission characteristics was not notable when driven at a 
low average brightness (10 to 20 cd/m 2 ). The maximum brightness of emitted light is 
limited by the maximum drive current of the driver, resistance that is in series with the 
element (bulk resistance of the organic thin film) and the light-emission efficiency. 
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For practical application there are many problems as described above the must be 
solved. However, as shown in Fig. 34, it was possible to obtain a clear and vivid 
display with a simple linear sequential drive circuit, and basic performance as a simple 
matrix display was demonstrated. With a duty of 3.5%, the brightness was 20 to 30 
cd/m 2 . By adding colored elements, it was possible to create blue green and orange 
colored light-emitting elements without a drop in brightness. 
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CONCLUSION 



As can be seen from the light-emission performance of an organic thin-film EL 
element, the possibility of a very thin display device is well supported. As a self 
light-emitting display element with a fast response speed, it can be said to be a powerful 
display element that is suitable for a dynamic display as well as has excellent non-linear 
voltage - brightness characteristics that can be used for a large-area display. In 
addition, it has been made to be highly efficient by doping with colored materials, as 
well as it is made to be thin enough for practical applications, and has plenty of 
potential to become low cost. However, the biggest problem is short light-emission 
life due to element degradation. The problem of degradation of the compositional 
materials of the element due to oxygen, moisture, heat or the like will probably be 
solved by performing countermeasures against those contributing factors. However, 
causes of degradation related to the internal charge of the element, for example the 
charge injection process or light-emission process, have many parts that cannot be solve 
without detailed investigation of the light-emission or degradation mechanism. 
Therefore, when performing research and development of organic thin-film EL elements, 
performing basic research of the charge-injection mechanism and light-emission 
mechanism at the same time as development of the element is very important. From 
this aspect, this paper did not contain contents capable of proposing a clear solution, 
however, it did present several suggestions. In order to clarify the mechanisms, 
gaining a good understanding of models used for guidance is essential, and the authors 
will be very happy if the model they proposed, which takes these points into 
consideration, will be of help in future research and development. 

The results of the authors' experimental production give sufficient evidence of the 
feasibility of practical use as a display device, and this paper will meet its objective if it 
is in some way able to contribute to future development. Only one example of a drive 
method was described in this paper, however, there are surely other drive methods that 
could prove to be even more efficient. The authors will be happy if this paper casts a 
stone in the direction of that area of development. 
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